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Abstract- ESWT is used in treatment of pseudoarthrosis and may 
be considered for callus lengthening operations. In this study, 
effects of ESWT on the forming callus were studied. Transverse 
femoral osteotomy at mid diaphysis, internally fixated with 
Kirschner wires were performed on 20 male, ten-week-old white 
Wistar rats. In the third week, animals underwent ESWT with 
1500 (Group I) and 500 (Group II) shockwaves/treatment at a 
generating voltage of 10 kV on their right femurs; left femurs 
were used as controls. In the nineth week animals were 
sacrificed. X-Ray and computerized tomographical analyses on 
both femurs were done. X-Ray data showed that bone tissue of 
Group I displayed a higher percentage of nonunions and 
secondary axial displacements than Group II. Group II had a 
higher percentage of unions and fewer secondary axial 
displacements than Group I. The radiological scores for 500-
sw/treatment group were 67% of the controls. CT data showed 
that ESW treated right legs in both groups had a greater callus 
area, and lower average density of image pixel than controls. In 
agreement with other studies done on healing bone, no 
significant correlation between callus area and the level of bone 
healing was found.  
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I. INTRODUCTION 

 
Extracorporeal Shock Wave Therapy (ESWT) makes use 

of shock waves, which are produced by electrohydraulic, 
electromagnetic and piezoelectric means and focused on the 
body by use of concave reflectors. Studies on the effects of 
shock waves on living tissues, blood vessels, nerves, renal 
tissue [1] and bony structures [7], show that it produces a 
cavitation effect on the exposed tissue, leading to 
hemorrhage [14], making it suitable for use in cholelithiasis, 
prostate carcinoma and melanomas [4,7,18,19]. Having an 
analgesic effect, shock waves, are also used in treatment of 
tendinosis calcarea, tennis elbow and heel spurs [6,11,15]. 
Another application area for ESWT is pseudoarthrosis 
[9,12,13]. In bone tissue, ESWT imitates a fresh fracture 
leading to bone formation. The mechanism of healing by 
ESWT may be similar to that of surgery, where the 
cartilaginous link between the bones is re-injured 
mechanically by means of a scalpel or other instruments, 
providing an effect similar to that of a fresh fracture. 

Microscopic examination of bones display small ruptures 
and bleeding in bone trabeculae, similar to a fresh fracture. 
After ESW treatment, a fast rate of bone formation, 
corresponding to an increase in the number of osteoblasts  is 
observed [6]. However, there is still controversy on the 
treatment dosage, the number of shocks per treatment, as 
well as the possible mechanisms of stimulation of 
osteogenesis.  

Our study aimed to answer these questions and provide 
data for fracture treatment using ESWT. We wanted to 
challenge the questions of dosage, mechanism and timing of 
ESW application by (a) administering two different amounts 
of shock waves generated at the same voltage and (b) 
applying shock waves on the forming callus, on day 20, at the 
end of inflammation period, and examining their effect on 
healing. 
 

II. METHODOLOGY 
 

Osteotomies were carried out at the Experimental 
Animals Laboratory of Istanbul University, Cerrahpasa 
Medical School. 20 male, 10 week-old, white Wistar rats, 
weighing from 131 gr. to 160 gr. were used. Animals were 
anesthesized by intramuscular injections of 3 mg/kg of 
xylazine hydrochloride (Rompun 23.32 mg/ml, Bayer Turk, 
Istanbul, Turkey) and 10 mg/kg of ketamine hydrochloride 
(Ketalar, 50 mg/ml, Eczacibasi, Istanbul, Turkey). A 2 cm 
incision was made over the femur and the muscles were 
reflected. Using a mini-saw, a transverse defect was created in 
the midshaft of the femur. The periosteum was preserved and 
a 1.0 mm thick Kirschner wire was inserted through the 
medullary canal, extending proximally and distally. After the 
operation, as a prophylactic antibiotic, 10 mg/kg Cefazin 
(Bilim Ilaç, Istanbul, Turkey) was administered 
intramuscularly. No complications occurred during and after 
the operation and all of the 20 animals survived without 
infections. Animals were not immobilized after the operation. 

At the end of the third week, animals were randomized 
into two groups of ten each and were anesthesized using the 
above-mentioned amounts of xylazine hydrochloride and 
ketamine hydrochloride. The right femurs of animals in the 
first group were exposed to 1500 shockwaves/treatment at a 
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generating voltage of 10 kV using a hydraulic lithotriptor 
(PCK Medical Systems, Stonelith-Litho3pter, Ankara, 
Türkiye). Shockwaves were focused on the osteotomies 
radiologically, using a biplanar intersecting X-Ray system 
with image intensifier chain and a television monitor for 
target imaging. In order to attain perfect coupling, ultrasound 
gel was used and target location was rechecked several times 
during the course of treatment. The untreated left femurs were 
used as controls. The right femurs of animals in the second 
group were exposed to 500 shockwaves/treatment at a 
generating voltage of 10 kV. The untreated left femur were 
used as controls. One animal from each group did not receive 
ESW treatment due to diarrhea and high tolerance to 
anesthetics respectively. 

After the ESW treatment, animals were not immobilized. 
During the course of the experiment, four animals from the 
first group and two animals from the second group died due to 
diarrhea. The remaining five animals from the first group and 
the seven animals from the second group survived till the 
termination of the experiment. 

The experiment was terminated at the end of the ninth 
week, forty four days after ESW treatment, by ether 
sacrification of animals. Bones were excised, muscle and soft 
tissues were removed, with only the callus remaining. Femur 
were fixed in 10% formalin solution for five hours and then 
preserved in a 50% ethanol solution in centrifuge tubes.  

Topographic X-Ray films of bones were taken and used to 
determine the stage of bone healing, which was quantified by 
scoring on the healing parameters using a system modified by 
Ref [1]. Radiological scoring on early, middle and late phases of 
bone healing was carried out by three independent examiners, who 
were blind to the experiment. Scoring of the observers on periosteal 
reaction, quality of union, and bone remodeling were summed and 
averaged. These averages were analyzed using Student’s t-test to 
find significance of results between and within the groups. 

Callus area was quantified by Computerized Tomography, 
(CT) (Siemens, Somatom AR Star). Contiguous 1.0 mm high 
resolution CT slices were taken from proximal to distal at a 
slice thickness of 1.0 mm. Measurements were carried out 
throughout the medullary canal. The periphery of callus was 
drawn manually, giving us both the callus area in mm2 and the 
average density of image pixel in Hounsfield units.  Callus 
area and average density of image pixel analyses between and 
within groups were performed using Student’s t-test. 

 
III. RESULTS 

A. Figures and Tables 
The ultimate criterion of bone healing is the presence of a 

union. Results of macroscopic and radiological examination 
of bone union are listed in Table I, II and III.  

 
TABLE I 

MACROSCOPIC AND RADIOLOGICAL EXAMİNATION OF LEFT AND RIGHT FEMUR 

Group Union Nonunion 

I (1500 sw) 1 Right, 2 Left  4 Right, 3 Left 
II (500 sw) 5 Right, 7 Left 2 Right   

 
TABLE II 

RADIOLOGIC SCORING OF FEMUR TREATED WITH 1500 SHOCKWAVES (GROUP I)  

Animal/ 
Femur 

Periosteal 
Reaction 

Quality of 
Union 

Bone 
Remodelling 

Total Score  

1 / Right 0 0 0 0 
1 / Left 0.67 1.33 0.67 2.67 
2 / Right 0 0 0 0 
2 / Left 2 0.67 0 2.67 
3 / Right 1.33 0 0 1.33 
3 / Left 1 0 0 1 
4 / Right 0 0 0 0 
4 / Left 2 1.67 0.67 4.34 
5 / Right 3 3 2.33 8.33 
5 / Left 3 3 2.33 8.33 

 
TABLE III 

RADIOLOGIC SCORING OF FEMUR TREATED WITH 500 SHOCKWAVES (GROUP II)  

Animal/ 
Femur 

Periosteal 
Reaction 

Quality of 
Union 

Bone 
Remodelling 

Total Score  

1 / Right 3 3 1.67 7.67 
1 / Left 2.33 2.33 0.67 5.67 
2 / Right 2.67 1.67 0.67 5 
2 / Left 2.67 2.67 2 7.3 
3 / Right 3 3 1.67 7.67 
3 / Left 3 2.33 0.67 6 
4 / Right 1 0 0 1 
4 / Left 3 3 1.33 7.33 
5 / Right 1 0 0 1 
5 / Left 3 3 1.33 7.33 
6 / Right 3 2.33 0.67 6 
6 / Left 3 2.67 1.33 7 
7 / Right 2.67 2 0.67 5.33 
7 / Left 3 3 1.33 7.33 
 

Callus size and properties were examined using high 
resolution CT, giving minimum and maximum average 
density of image pixel and callus area in mm2 listed in Table 
IV. 

 
TABLE IV 

CALLUS DENSITY AND AREA BY CT ANALYSIS 

 Min. and Max. 
Average Density 
of Image Pixel 

Total Callus Area  
(mm2) 

Group I  - right femur -170 to 400 5.72 
Group I  - left femur  122 to 560 6.6 
Group II - right femur -80 to 158 1.34 
Group II - left femur -153 to 168 0.57 

 
IV. DISCUSSION 

 
In assessment of the effectiveness of any method used to 

enhance fracture healing, the ultimate criterion is the presence 
of a union. At the time of termination of this study, on the 64th 
day of osteotomies, theoretically speaking, the femurs would 
have been in their third stage of bone healing, by when an 
adequately healing bone would have attained a union. 
However, radiological analysis indicated that among the 
bones in Group I there was 30% union in both femurs, and 
20% union in the treated femurs, with 57% of the nonunions 
in the treated femurs. Group II had 85.7% bone union and 
71.4% union in the treated femurs. All of the nonunions in 



this group were in the treated femurs. Macroscopic and 
radiological inspection showed that bone healing in Group II 
was superior to Group I. 

It is expected that in an adequately healing bone, in its 
third healing phase, the total radiological score of 8 or 9 
would be attained. Radiological scoring of bone healing, done 
by orthopaedists blind to the study, showed that healing in 
Group II (81.29) was again superior to Group I (29). The high 
number of nonunions in the treated femurs of Group I lowered 
the score for this group by not only lowering the radiological 
score for that leg, but also by retarding the healing of the left 
femur, thus reducing the overall group radiological score. 
Student’s t-test indicates that there is a difference of 10% 
significance between the treated femurs scores of the groups. 

In experimental fracture healing, CT is being used to 
determine the properties of fracture callus and the state of 
bone healing. It has been shown that with CT analysis, the 
detection of the different phases of bone healing is possible 
and thus making CT assessment of fracture callus superior to 
conventional X-Ray [8]. Experimentally, ESWT is known to 
increase callus size [3], which reaches a maximum two weeks 
after fracture and is considered to be an indicator of the 
degree of healing. However, it is also known that an abundant 
callus size may be associated with secondary axial 
displacement. In addition, callus volume has been shown to 
be unrelated to bone mechanical properties and healing 
properties [3].  

In CT analysis, the total callus area of Group I (10.34 
mm2) was found to be 5.4 times greater than that of Group II 
(1.91mm2). Similarly, the callus area of the treated femurs in 
the first group was higher than that of the second group. 
However, radiological and macroscopic examination of bones 
indicated superior bone healing in the second group. 
Therefore, our findings support the findings of Refs. [3], [10], 
and [17], and indicate that the larger callus size of the first 
group is due to the higher number of bone nonunions and 
secondary axial displacements in this group and that the callus 
size is not an indicator of the degree of bone healing. Using 
multiple regression analysis, which accounted for the 
dependence of callus volume on differences in maturation and 
the density of callus, Ref. [3], have also demonstrated that 
callus volume is not a significant factor contributing to the 
mechanical properties of the fracture. 

Callus density and the stiffness of bone increase linearly 
with calcium content, till about 6 weeks after osteotomy [3]. 
In CT analyses, average density - mean value of all the pixels 
within region of interest (ROI) - is given in the Hounsfield 
unit scale, with values ranging from 0 (air) to 4095. In callus 
density measurements, the average density of image pixel is 
expected to increase with increasing mineralization. Knowing 
that the bones in the second group are at a more advanced 
stage of healing and mineralization, it was expected to have a 
higher mineral density in the callus of the second group. 
However, the average density of image pixel of the second 
group was lower than the first, varying between -170 and 560 

for Group I and between -153 and 168 for Group II. The 
smallness of area of ROI in the second group, and the 
resulting sampling site variation, reducing the precision of the 
measured density, may have caused a lower value of average 
density of image pixel. Within the groups analysis of callus 
density indicated expected results: a higher density in the 
femurs with unions compared to those with nonunions in 
Group I, and a relatively higher density in the left femurs of 
the second group when compared to the treated right femurs 
of this group. Knowing that callus mineralization increases 
over time to provide the rigidity needed for the remodeling 
phase of bone healing to start, and that with resorption a 
lower bone density is observed, we think that lower density of 
image pixel in the second group is indicative of the more 
advanced stage of bone healing. 

Knowing that the effects of applied dosage are related to 
the physical properties of experimented animal, i.e. weight, 
size, femur length, cortical thickness at mid diaphysis, and 
mineral ash content of the species, the presence of two cases 
of pseudoarthrosis in the second group may indicate that a 
treatment using 500 sw / treatment may still be too high for 
rats of this size and weight. On the other hand, one animal in 
the first group displayed close to normal healing of both 
femurs. In terms of height, size and weight, this animal was 
the largest of both groups. 

 
V. CONCLUSIONS 

 
Statistically insignificant, yet observable and pronounced 

quantitative differences between the results of the two groups 
indicate that ESWT applied at the end of the third week at 
1500 shockwaves / treatment at 10 kV had a traumatic effect 
on rat femur, and that ESW application of 500 shockwaves / 
treatment at 10 kV did not significantly retard healing of bone 
tissue. ESWT must be administered at low total energy levels. 
However, the right femur of Group II displayed almost 
equivalent healing as that of control group. We also confirm 
the findings of Refs. [10,17], and state that callus size is not 
an indicator of bone healing in bones treated with ESWT. 

Our study did not address the question of the number of 
treatment sessions to use to administer the total energy. A 
study relating applied energy, cortical thickness and mineral 
ash of bone to bone healing would contribute to the 
development of a ESWT protocol for pseudoarthrosis. 
 

ACKNOWLEDGMENT 
 

We would like to thank Prof. Dr. Tuncay Altug, Istanbul 
University, Cerrahpasa Medical School, Experimental 
Animals Laboratory, Dr. Burak Basarir, Director of Intermed 
Medical Center and the staff of Computerized Tomography 
Division for their valuable efforts and help in providing us 
with the space, equipment, facilities and expertise needed for 
the conduction and completion of this study.  
 

 
 



REFERENCES 
 

[1] An, Y.H., R.J. Friedman and R.A. Draughn, Animal 
Models of Bone Fracture or Osteotomy,” in An, Y.H. and 
R.J. Friedman (Eds.), Animal Models in Orthopaedic 
Research, pp. 197-217, Boca Raton: CRC Press, 1999. 
[2] Coleman, A.J. and J.E: Saunders, “A Review of the 
Physical Properties and Biological Effects of the High 
Amplitude Acoustic Fields Used in Extracorporeal 
Lithotripsy,” Ultrasonics, Vol. 31, pp. 75-89, 1993. 
[3] den Boer, E.C., J.A.M. Bramer, P. Patka, F.C. Bakker, 
R.H. Barentsen, A.J. Feilzer, E.S.M. de Lange, and 
H.J.T.M. Haarman, “Quantification of Fracture Healing 
with Three-dimensional Computed Tomography,” Archives 
of Orthopaedic and Trauma Surgery, Vol. 117, pp. 345-
350, 1998. 
[4] Gündes, H., “Yüksek Enerjili Sok Dalgalarinin 
İmmature Kortikal Kemik ve Periost Üzerinde İnvivo 
Etkileri,” M.S. Thesis, Marmara University, 1994. 
[5] Haupt, G., “Basic Animal Experiments for Orthopaedic 
Shock Wave Applications,” Journal of Mineral Stoffwechs, 
Special Edition, Vol.5, pp. 28-30, 1996. 
[6] Haupt, G., “Use of Extracorporeal Shock Waves in the 
Treatment of Pseudoarthrosis, Tendinopathy and Other 
Orthopaedic Diseases,” Journal of Urology, Vol. 158, pp. 
4-11, 1997. 
[7] Kaulesar D.M.K.S., E.J. Johannes, E.G.J.M.Pierik, 
G.J.W.M. van Eijick, and M.J.E. Kristeljjn, “The Effect of 
High Energy Shock Waves Focused on Cortical Bone: An 
in Vitro Study,” Journal of Surgical Research, Vol.54, pp: 
46-51, 1993. 
[8] Korkusuz, F., S. Akin, O. Akkus, and P. Korkusuz, 
“Assessment of Mineral Density and Atomic Content of 
Fracture Callus by Quantitative Computerized 
Tomography,” Journal of Orthopaedic Science, Vol. 5, pp. 
248-255, 2000. 
[9] Kuderna, H and W. Schaden, “Single Application of 
Extracorporeal Shockwaves in Delayed Healing Fractures 
and in Non-Unions,” Journal of Mineral Stoffwechs, Special 
Edition, Vol. 5, pp. 35-36, 1996. 
[10] McCormack, D., “The Osteogenic Potential of 
Extracorporeal Shock Wave Therapy. An in-vivo study,” 
Irish Journal of Medical Sciences, Vol. 165, pp. 20-22, 
1996. 
[11] Rompe, J.D., F.M. Rumler, C. Hopf, B. Nafe, J. Heine, 
“Extracorporeal Shockwave Therapy for Calcifying 
Tendonitis of the Shoulder,” Clinical Orthopaedics and 
Related Research, Vol.321, pp.196-201, 1995. 
[12] Russo S., Gigliotti S., de Durante C, Canero R., 
Corrado B. (1997): “Treatment of Nonunion With Shock 
Waves With Special Reference to Carpal Scaphoid 
Nonunion;” Applications of shock waves at the bone: 
Clinical and experimental experiences - Abstract tape of the 
symposium to the shock wave therapy Kassel-Germany, 11-

12 April 1997, pp. 40–45, Hamburg, Dr. Kovac Publishing 
House, 1997. 
[13] Schaden, W., A. Meznik, F. Russe, A. Pachucki, 
“Application of (ESWT) on 40 Patients With 
Pseudoarthosis Or Delayed Bone Fracture Healing,” 
Applications of shock waves at the bone: Clinical and 
experimental experiences - Abstract tape of the symposium 
to the shock wave therapy, Kassel-Germany, 11-12 April 
1997, pp. 40–45, Hamburg, Dr. Kovac Publishing House, 
1997. 
[14] Schleberger, R. and T. Senge, “Non-invasive 
Treatment of Long-Bone Pseudoarthrosis by Shockwaves 
(ESWL),” Archives of Orthropaedic and Trauma Surgery, 
Vol. 111, pp. 224-227, 1992. 
[15] Schleberger, R., “First Clinical Applications of 
Extracorporeal Shockwaves (ESW) in Orthopaedics,” 
Journal of Mineral Stoffwechs, Special Edition, Vol.5, pp. 
32-34, 1996. 
[16] Schultheiß, R. “Basic Principles of Shockwaves,” 
Journal of Mineral Stoffwechs, Special Edition, Vol. 5, pp. 
22-27, 1996. 
[17] Uslu, M.M., Ö. Bozdogan, S. Güney, H. Bilgili, Ü. 
Kaya, B. Olcay, and F. Korkusuz, “The Effect of 
Extracorporeal Shock Wave Treatment (ESWT) on Bone 
Defects, An Experimental Study,” Bulletin of Hospital for 
Joint Diseases, Vol. 58, pp. 114-118, 1999. 
[18] Valchanou,V.D. and P. Michailov “High energy shock 
waves in the treatment of delayed and non-union of 
fractures,” International Orthopaedics Vol. 15, pp. 181-
184, 1991. 
[19] Vogel, J., J. Rompe, C. Hopf, and J. Heine, “High 
Energy ESW Therapy for Pseudoarthrosis,” 1st 
internationally Congress of the ESMST, İzmir-Turkey, 
01.06.1998, Memorandum No. P1.646, 1998.  
 


	Main Menu
	-------------------------
	Welcome Letter
	Chairman Address
	Keynote Lecture
	Plenary Talks
	Mini Symposia
	Workshops
	Theme Index
	1.Cardiovascular Systems and Engineering 
	1.1.Cardiac Electrophysiology and Mechanics 
	1.1.1 Cardiac Cellular Electrophysiology
	1.1.2 Cardiac Electrophysiology 
	1.1.3 Electrical Interactions Between Purkinje and Ventricular Cells 
	1.1.4 Arrhythmogenesis and Spiral Waves 

	1.2. Cardiac and Vascular Biomechanics 
	1.2.1 Blood Flow and Material Interactions 
	1.2.2.Cardiac Mechanics 
	1.2.3 Vascular Flow 
	1.2.4 Cardiac Mechanics/Cardiovascular Systems 
	1.2.5 Hemodynamics and Vascular Mechanics 
	1.2.6 Hemodynamic Modeling and Measurement Techniques 
	1.2.7 Modeling of Cerebrovascular Dynamics 
	1.2.8 Cerebrovascular Dynamics 

	1.3 Cardiac Activation 
	1.3.1 Optical Potential Mapping in the Heart 
	1.3.2 Mapping and Arrhythmias  
	1.3.3 Propagation of Electrical Activity in Cardiac Tissue 
	1.3.4 Forward-Inverse Problems in ECG and MCG 
	1.3.5 Electrocardiology 
	1.3.6 Electrophysiology and Ablation 

	1.4 Pulmonary System Analysis and Critical Care Medicine 
	1.4.1 Cardiopulmonary Modeling 
	1.4.2 Pulmonary and Cardiovascular Clinical Systems 
	1.4.3 Mechanical Circulatory Support 
	1.4.4 Cardiopulmonary Bypass/Extracorporeal Circulation 

	1.5 Modeling and Control of Cardiovascular and Pulmonary Systems 
	1.5.1 Heart Rate Variability I: Modeling and Clinical Aspects 
	1.5.2 Heart Rate Variability II: Nonlinear processing 
	1.5.3 Neural Control of the Cardiovascular System II 
	1.5.4 Heart Rate Variability 
	1.5.5 Neural Control of the Cardiovascular System I 


	2. Neural Systems and Engineering 
	2.1 Neural Imaging and Sensing  
	2.1.1 Brain Imaging 
	2.1.2 EEG/MEG processing

	2.2 Neural Computation: Artificial and Biological 
	2.2.1 Neural Computational Modeling Closely Based on Anatomy and Physiology 
	2.2.2 Neural Computation 

	2.3 Neural Interfacing 
	2.3.1 Neural Recording 
	2.3.2 Cultured neurons: activity patterns, adhesion & survival 
	2.3.3 Neuro-technology 

	2.4 Neural Systems: Analysis and Control 
	2.4.1 Neural Mechanisms of Visual Selection 
	2.4.2 Models of Dynamic Neural Systems 
	2.4.3 Sensory Motor Mapping 
	2.4.4 Sensory Motor Control Systems 

	2.5 Neuro-electromagnetism 
	2.5.1 Magnetic Stimulation 
	2.5.2 Neural Signals Source Localization 

	2.6 Clinical Neural Engineering 
	2.6.1 Detection and mechanisms of epileptic activity 
	2.6.2 Diagnostic Tools 

	2.7 Neuro-electrophysiology 
	2.7.1 Neural Source Mapping 
	2.7.2 Neuro-Electrophysiology 
	2.7.3 Brain Mapping 


	3. Neuromuscular Systems and Rehabilitation Engineering 
	3.1 EMG 
	3.1.1 EMG modeling 
	3.1.2 Estimation of Muscle Fiber Conduction velocity 
	3.1.3 Clinical Applications of EMG 
	3.1.4 Analysis and Interpretation of EMG 

	3. 2 Posture and Gait 
	3.2.1 Posture and Gait

	3.3.Central Control of Movement 
	3.3.1 Central Control of movement 

	3.4 Peripheral Neuromuscular Mechanisms 
	3.4.1 Peripheral Neuromuscular Mechanisms II
	3.4.2 Peripheral Neuromuscular Mechanisms I 

	3.5 Functional Electrical Stimulation 
	3.5.1 Functional Electrical Stimulation 

	3.6 Assistive Devices, Implants, and Prosthetics 
	3.6.1 Assistive Devices, Implants and Prosthetics  

	3.7 Sensory Rehabilitation 
	3.7.1 Sensory Systems and Rehabilitation:Hearing & Speech 
	3.7.2 Sensory Systems and Rehabilitation  

	3.8 Orthopedic Biomechanics 
	3.8.1 Orthopedic Biomechanics 


	4. Biomedical Signal and System Analysis 
	4.1 Nonlinear Dynamical Analysis of Biosignals: Fractal and Chaos 
	4.1.1 Nonlinear Dynamical Analysis of Biosignals I 
	4.1.2 Nonlinear Dynamical Analysis of Biosignals II 

	4.2 Intelligent Analysis of Biosignals 
	4.2.1 Neural Networks and Adaptive Systems in Biosignal Analysis 
	4.2.2 Fuzzy and Knowledge-Based Systems in Biosignal Analysis 
	4.2.3 Intelligent Systems in Speech Analysis 
	4.2.4 Knowledge-Based and Neural Network Approaches to Biosignal Analysis 
	4.2.5 Neural Network Approaches to Biosignal Analysis 
	4.2.6 Hybrid Systems in Biosignal Analysis 
	4.2.7 Intelligent Systems in ECG Analysis 
	4.2.8 Intelligent Systems in EEG Analysis 

	4.3 Analysis of Nonstationary Biosignals 
	4.3.1 Analysis of Nonstationary Biosignals:EEG Applications II 
	4.3.2 Analysis of Nonstationary Biosignals:EEG Applications I
	4.3.3 Analysis of Nonstationary Biosignals:ECG-EMG Applications I 
	4.3.4 Analysis of Nonstationary Biosignals:Acoustics Applications I 
	4.3.5 Analysis of Nonstationary Biosignals:ECG-EMG Applications II 
	4.3.6 Analysis of Nonstationary Biosignals:Acoustics Applications II 

	4.4 Statistical Analysis of Biosignals 
	4.4.1 Statistical Parameter Estimation and Information Measures of Biosignals 
	4.4.2 Detection and Classification Algorithms of Biosignals I 
	4.4.3 Special Session: Component Analysis in Biosignals 
	4.4.4 Detection and Classification Algorithms of Biosignals II 

	4.5 Mathematical Modeling of Biosignals and Biosystems 
	4.5.1 Physiological Models 
	4.5.2 Evoked Potential Signal Analysis 
	4.5.3 Auditory System Modelling 
	4.5.4 Cardiovascular Signal Analysis 

	4.6 Other Methods for Biosignal Analysis 
	4.6.1 Other Methods for Biosignal Analysis 


	5. Medical and Cellular Imaging and Systems 
	5.1 Nuclear Medicine and Imaging 
	5.1.1 Image Reconstruction and Processing 
	5.1.2 Magnetic Resonance Imaging 
	5.1.3 Imaging Systems and Applications 

	5.2 Image Compression, Fusion, and Registration 
	5.2.1 Imaging Compression 
	5.2.2 Image Filtering and Enhancement 
	5.2.3 Imaging Registration 

	5.3 Image Guided Surgery 
	5.3.1 Image-Guided Surgery 

	5.4 Image Segmentation/Quantitative Analysis 
	5.4.1 Image Analysis and Processing I 
	5.4.2 Image Segmentation 
	5.4.3 Image Analysis and Processing II 

	5.5 Infrared Imaging 
	5.5.1 Clinical Applications of IR Imaging I 
	5.5.2 Clinical Applications of IR Imaging II 
	5.5.3 IR Imaging Techniques 


	6. Molecular, Cellular and Tissue Engineering 
	6.1 Molecular and Genomic Engineering 
	6.1.1 Genomic Engineering: 1 
	6.1.2 Genomic Engineering II 

	6.2 Cell Engineering and Mechanics 
	6.2.1 Cell Engineering

	6.3 Tissue Engineering 
	6.3.1 Tissue Engineering 

	6.4. Biomaterials 
	6.4.1 Biomaterials 


	7. Biomedical Sensors and Instrumentation 
	7.1 Biomedical Sensors 
	7.1.1 Optical Biomedical Sensors 
	7.1.2 Algorithms for Biomedical Sensors 
	7.1.3 Electro-physiological Sensors 
	7.1.4 General Biomedical Sensors 
	7.1.5 Advances in Biomedical Sensors 

	7.2 Biomedical Actuators 
	7.2.1 Biomedical Actuators 

	7.3 Biomedical Instrumentation 
	7.3.1 Biomedical Instrumentation 
	7.3.2 Non-Invasive Medical Instrumentation I 
	7.3.3 Non-Invasive Medical Instrumentation II 

	7.4 Data Acquisition and Measurement 
	7.4.1 Physiological Data Acquisition 
	7.4.2 Physiological Data Acquisition Using Imaging Technology 
	7.4.3 ECG & Cardiovascular Data Acquisition 
	7.4.4 Bioimpedance 

	7.5 Nano Technology 
	7.5.1 Nanotechnology 

	7.6 Robotics and Mechatronics 
	7.6.1 Robotics and Mechatronics 


	8. Biomedical Information Engineering 
	8.1 Telemedicine and Telehealth System 
	8.1.1 Telemedicine Systems and Telecardiology 
	8.1.2 Mobile Health Systems 
	8.1.3 Medical Data Compression and Authentication 
	8.1.4 Telehealth and Homecare 
	8.1.5 Telehealth and WAP-based Systems 
	8.1.6 Telemedicine and Telehealth 

	8.2 Information Systems 
	8.2.1 Information Systems I
	8.2.2 Information Systems II 

	8.3 Virtual and Augmented Reality 
	8.3.1 Virtual and Augmented Reality I 
	8.3.2 Virtual and Augmented Reality II 

	8.4 Knowledge Based Systems 
	8.4.1 Knowledge Based Systems I 
	8.4.2 Knowledge Based Systems II 


	9. Health Care Technology and Biomedical Education 
	9.1 Emerging Technologies for Health Care Delivery 
	9.1.1 Emerging Technologies for Health Care Delivery 

	9.2 Clinical Engineering 
	9.2.1 Technology in Clinical Engineering 

	9.3 Critical Care and Intelligent Monitoring Systems 
	9.3.1 Critical Care and Intelligent Monitoring Systems 

	9.4 Ethics, Standardization and Safety 
	9.4.1 Ethics, Standardization and Safety 

	9.5 Internet Learning and Distance Learning 
	9.5.1 Technology in Biomedical Engineering Education and Training 
	9.5.2 Computer Tools Developed by Integrating Research and Education 


	10. Symposia and Plenaries 
	10.1 Opening Ceremonies 
	10.1.1 Keynote Lecture 

	10.2 Plenary Lectures 
	10.2.1 Molecular Imaging with Optical, Magnetic Resonance, and 
	10.2.2 Microbioengineering: Microbe Capture and Detection 
	10.2.3 Advanced distributed learning, Broadband Internet, and Medical Education 
	10.2.4 Cardiac and Arterial Contribution to Blood Pressure 
	10.2.5 Hepatic Tissue Engineering 
	10.2.6 High Throughput Challenges in Molecular Cell Biology: The CELL MAP

	10.3 Minisymposia 
	10.3.1 Modeling as a Tool in Neuromuscular and Rehabilitation 
	10.3.2 Nanotechnology in Biomedicine 
	10.3.3 Functional Imaging 
	10.3.4 Neural Network Dynamics 
	10.3.5 Bioinformatics 
	10.3.6 Promises and Pitfalls of Biosignal Analysis: Seizure Prediction and Management 



	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	Ö
	P
	Q
	R
	S
	T
	U
	Ü
	V
	W
	X
	Y
	Z

	Keyword Index
	-
	¦ 
	1
	2
	3
	4
	9
	A
	B
	C
	D
	E
	F
	G
	H
	I
	i
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Committees
	Sponsors
	CD-Rom Help
	-------------------------
	Return
	Previous Page
	Next Page
	Previous View
	Next View
	Print
	-------------------------
	Query
	Query Results
	-------------------------
	Exit CD-Rom


